of interest and familial controversy. But to demonstrate convincingly that males in a given species use self-referential phenotype matching requires researchers to identify the phenotypic cue, alter or obliterate it, and then observe predictable changes in -and even failure of -recognition.Unfortunately, such manipulations are not feasible for wild baboons, and they might also disrupt the 'normal' behaviour of the animals.
Nonetheless,Buchan and colleagues'data indicate that male baboons do use direct as well as indirect cues. As mentioned above, when males intervened in fights between the offspring of females with whom they had and had not consorted, they (the males) consistently favoured the offspring of the former females. In this case, both types of cueindirect and direct -would be in agreement that one youngster is an offspring and the other is not. But when males intervened in fights between offspring of different consorts,and only one juvenile was actually sired by the male, direct and indirect cues must have been in conflict. Yet, although the males' choices were less decisive, they still favoured true (genetic) offspring over unrelated juveniles. This implies that males do use phenotype matching, and that when direct and indirect cues conflict, the direct cues 'win out' . The authors' previous report 9 that females in this population favour paternal half-sisters over non-kin strengthens the interpretation that phenotypic cues are used to identify kin.
The likelihood of phenotype matching could be explored further by extending Buchan and colleagues' logistic regression approach. The authors partitioned juveniles into three discrete categories -offspring, unrelated but behaviourally predicted offspring, and non-offspring -but probability of paternity is actually a continuous variable. So, one could instead plot the regression between a male's probability of paternity (the proportion of a female's follicular phase that the male monopolized) and the relative frequency of male interventions. If the data points that fell above the regression linethe residuals -represented true (genetic) offspring significantly more often than nonkin, whereas points that fell below the line were the reverse, then this would indicate the occurrence of phenotype matching.
Regardless of the recognition mechanism, it is clear that male Amboseli baboons are fairly certain of their paternity. This casts doubt on the conventional wisdom that female primates copulate with several males to confuse paternity (to reduce infanticide and increase the pool of males that provide care for young). It also raises anew the question of why females typically mate so many times. Perhaps multiple mating enables females to compare males' abilities to stimulate them during sexual encounters 10 . Or it could enhance sperm competition, which would benefit females if more competitive sperm contain 'better' genes, resulting in more vigorous offspring that are more likely to survive and reproduce 11, 12 . The Solar System has a largely uniform isotopic composition but with tantalizing small variations. Geochemists are trying to ascertain the mechanisms and types of stars that produced this state of affairs.
L ong before astronomers presented us with spectacular images of the material swirling around other stars, PierreSimon Laplace (1749-1827) proposed that the planets of our Solar System formed from a circumstellar disk. The scale and degree of isotopic heterogeneity of the matter in our Solar System provide unique insights into the dynamics associated with the development of these disks, and on page 152 of this issue Becker and Walker 1 highlight some of the problems associated with one class of the isotopes concerned -those of molybdenum.
Modern mass spectrometry techniques had revealed that the isotopic compositions of many of the more refractory elements in meteorites, including a primitive class of meteorite called chondrites, are, within error, identical to those found on Earth itself 2 . It was unclear how the Solar System could have such a uniform composition without some kind of earlier mixing process, because the mechanism that produces these elements creates huge isotopic heterogeneity. The elements heavier than hydrogen and helium ('metals' to astronomers) are manufactured by fusion and irradiation in stars, in a process known as nucleosynthesis. Different kinds of mechanisms produce distinct isotopes, depending on the mass of the star, its stage of development and its metal composition. The most likely way to produce a uniform mix of atoms from the many stars that fed the molecular cloud that eventually formed our Solar System was for the building-blocks of the Earth and planets to have condensed from a hot, well-mixed gas. This idea led to a series of 'hot nebula' models, but various lines of evidence have since shown that such models can only apply to localized portions of the Solar System.
The most important evidence has stemmed from the discovery of presolar grains 3 . A variety of grains condense in stellar envelopes and so record the extreme isotopic composition generated in the star itself. These have been discovered in chondriteswhich are now viewed as having formed from relatively cold dust and debris in the circumstellar disk. The development of techniques for measuring the isotopic compositions of these submicrometre specks of stardust has produced data even for trace elements such as molybdenum and zirconium 4 . These remarkable samples of other stars have isotopic compositions that are completely unlike that of our Solar System. But they do match the compositions predicted from theory for various kinds of stars 3, 4 . Some types of presolar grain could not have survived the high temperatures and chemistry advocated in the hot nebula model. Therefore, this stardust must have been introduced to a cold disk. There is no obvious mechanism for large-scale mixing in the molecular cloud that preceded disk formation, so such heterogeneity was probably eliminated by mixing in the disk itself, otherwise we could not explain the isotopic uniformity of the Solar System.
Astronomers have found evidence that disks act like swirling conveyor belts, accreting gas and dust onto the central star 5 . Most of the disk consists of hydrogen and helium, and its drag on the dust may result in lateral and radial mixing that eliminates variations 6 . Precise isotopic measurements could potentially allow small variations to be resolved and provide a map of mixing in the disk at the start of our Solar System. Now, with improvements in mass spectrometric techniques, geochemists have indeed begun to report very small isotopic differences between bulk meteorites and planets in refractory elements that should have been predominantly inherited from the dust, such as chromium, zirconium and molybdenum. This is exciting, because unravelling such structure to the degree of mixing in the disk could provide unique insights into disk dynamics.
Some of the first evidence of radial variations in the dust came from chromium isotopes 7 . The interpretation of chromium-53 effects in terms of inherited or injected heterogeneity versus variations in radioactive manganese-53 caused by chemical factors has been a matter of debate 7 . Other chromium isotopic effects cannot be explained in this way, however. Early reports of large variations in zirconium isotopes have not been confirmed in more detailed studies, although there is a hint of extremely small degrees of heterogeneity 8 . Two groups 9, 10 have reported molybdenum isotopic variations, but their results were obtained using different methods, and are not the same. In their paper 1 , Becker and Walker present the results of extensively replicated measurements on molybdenum, and disagree with the conclusions of the previous studies 9, 10 . They argue that no convincing isotopic differences can be resolved at the bulk rock scale, and that any residual effects left after correcting for instrumental factors probably represent artefacts that are poorly understood.
Becker and Walker express caution about their conclusions,which may well turn out to have been wise. Other research has left a wisp of smoke from a gun, and three reasons for further study.
First, the degree to which an isotopic anomaly can be resolved in some data sets seems to depend on the isotopes used to normalize the data for mass fractionation. This is true to varying degrees in the molybdenum results of all groups, although it is less apparent in the data of Becker and Walker. Such effects give the impression that subtle but real heterogeneities exist, even though they are hard to quantify. Unless there is some unknown complication, such as different mass discrimination laws for different samples and standards when measured in the laboratory, the most likely explanation is that there are small variations in atomic abundance between samples. Second, some of the patterns in the anomalies, when normalized with isotopes produced in the same nucleosynthetic pathways, are similar to those predicted from incomplete mixing of specific components from some stellar environments (such as certain types of red-giant stars or supernovae) 9, 10 . Again, this seems an unlikely coincidence. Third, analyses of presolar grains 4 and leached bulk chondrites 8 reveal that huge anomalies consistent both with these stellar environments and with the claimed bulk rock anomalies are present at some scale in the samples.
Becker and Walker demonstrate that even with a number of very careful, well-replicated measurements it is premature to draw any firm conclusions about incomplete mixing from molybdenum isotopes at this stage.The bottom line is that we have a hint, but little more, of large-scale heterogeneity in the distribution of molybdenum isotopes in the disk. To resolve matters further we need more precise and reproducible methods,and must better characterize and correct the experimental artefacts that plague some attempts to make such measurements with confidence at the <0.01% mark. It is to be expected that small isotopic anomalies exist at some level. In fact, they may well be easier to detect in other refractory elements that also have a range of isotopes generated by a variety of stellar processes.
It may not be long before we can relate specific anomalies to specific classes of meteorites, and hence their probable provenance in the Solar System. As astronomers provide ever-better definitions of stellar disks and their mixing environments, we will get a better idea of how to interpret meteorites and the source of their components. We may eventually end up with partially reconstruct- tions of the nuclei mainly produced in supernovae versus those mainly produced in red giants, for example.
Ultimately, it would be desirable to map the Solar System's isotopic heterogeneity from the Sun to its outer reaches in the Oort cloud.Missions are planned that will provide a better idea of the composition of the solar wind, Mercury and comets. It would, of course, be nice to achieve a clear picture of how the 'cosmic blender' worked from data transmitted in such space missions. But the levels of precision needed to resolve the small effects in molybdenum and many other elements currently require mass spectrometers that are bulky and delicate,with considerable power requirements. Therefore, we are very unlikely to obtain information of the necessary precision without additional missions that return samples for analysis on Earth. 
